Context. The largest uncertainty for cosmological studies using clusters of galaxies is introduced by our limited knowledge of the statistics of galaxy cluster structure, and of the scaling relations between observables and cluster mass. Aims. To improve on this situation we have started an XMM-Newton Large Programme for the in-depth study of a representative sample of 33 galaxy clusters, selected in the redshift range z = 0.055 to 0.183 from the REFLEX Cluster Survey, having X-ray luminosities above 0.4 × 10 44 h −2 70 erg s −1 in the 0.1 -2.4 keV band. This paper introduces the sample, compiles properties of the clusters, and provides detailed information on the sample selection function. Methods. We describe the selection of a nearby galaxy cluster sample that makes optimal use of the XMM-Newton field-of-view, and provides nearly homogeneous X-ray luminosity coverage for the full range from poor clusters to the most massive objects in the Universe. Results. For the clusters in the sample, X-ray fluxes are derived and compared to the previously obtained fluxes from the ROSAT All-Sky Survey. We find that the fluxes and the flux errors have been reliably determined in the ROSAT All-Sky Survey analysis used for the REFLEX Survey. We use the sample selection function documented in detail in this paper to determine the X-ray luminosity function, and compare it with the luminosity function of the entire REFLEX sample. We also discuss morphological peculiarities of some of the sample members. Conclusions. The sample and some of the background data given in this introductory paper will be important for the application of these data in the detailed studies of cluster structure, to appear in forthcoming publications.
Introduction
Galaxy clusters, as the largest well-defined dark matter haloes, are fundamental probes for the evolution of the cosmic largescale structure. Furthermore, they are ideal astrophysical laboratories for the study of numerous aspects of cosmic evolution, such as galaxy and star formation histories. The two major elements of such studies are (i) putting further constraints on cosmological models (e.g. Haiman et al. 2005 , "white paper"), and (ii) the study of the evolution of the galaxies, both in the thermal and chemical imprint of the galaxies on the intracluster medium (e.g. Voit 2005 , Borgani et al. 2005 , and in the effect of the cluster environment on the formation and evolution of the galaxies (e.g. Croton et al. 2006) .
With the recent progress in observational cosmology, a concordance cosmological model has become established, requiring two so far unknown ingredients -dark matter and dark energy (e.g. Perlmutter et al. 1999 , Schmidt et al. 1999 , Schuecker et al. 2003b , Spergel et al. 2006 , Tegmark et al. 2006 . Since the expansion of the Universe and the growth of structure depends very sensitively on both dark constituents, a detailed study of large-scale structure evolution in the recent past (z ∼ 2 to 0), by means of galaxy clusters, can provide new insights into the nature of the dark components and provide tighter constraints on cosmological models. Galaxy clusters were among the first probes to be used to constrain dark energy models (Wang & Steinhardt 1998) , and their importance as cosmological probes is increasingly being recognised (e.g. Rosati et al. 2002 , Schuecker et al., 2003a ,b, Majumdar & Mohr 2004 , Allen et al. 2004 , Haiman et al. 2005 .
Accurate mass estimates of the surveyed galaxy clusters are a prerequisite for such cosmological applications. X-ray observations are still the most attractive method to detect and characterize galaxy clusters. Not only is X-ray selection an approximate selection by cluster mass, due to the tight X-ray luminosity mass relation , Reiprich 2006 ), but it also provides a zeroth-order mass estimate through observables like the X-ray luminosity or X-ray temperature. For cosmological applications we need to have a precise knowledge of both the applied observable-mass relation and its intrinsic scatter. While such relations have been investigated for specially selected clusters (e.g. Ettori et al. 2004 , Zhang et al. 2006 , Pedersen & Dahle 2006 , accurate calibrations for such scaling relations for a representative, unbiased sample of X-ray flux selected galaxy clusters at different epochs are still needed. Thus, a major goal of the present project is to provide a calibration baseline of representative scaling relations for the cluster population in the nearby Universe.
Quite apart cosmological applications, the form of the scaling relations between observables and mass, and the relations among different observables, provide important insights into the structure of galaxy clusters and the thermal structure of their intracluster medium. To first order, the scaling relations of observable cluster parameters as a function of cluster mass can be understood as self-similar, and have been successfully numerically simulated by purely gravitational structure growth (e.g. Bryan & Norman 1998) . However, second order effects, best observed in the low mass systems, show an altering of these simple self-similar relations as a consequence of energy input from other sources, related to galaxy and star formation processes and the cooling of dense intracluster gas regions (e.g. Kaiser 1991 , Bower 1997 , Ponman et al. 1999 . Therefore a detailed study of the scaling relations, in combination with the study of the enrichment of the intracluster medium by heavy elements, in conjunction with numerical modeling, provides important insights into the cosmic history of star formation and the processes that govern galaxy evolution (e.g. Pearce et al. 2000 , Muanwong et al. 2002 .
For both tests of cosmological models and studies of structure growth, a precise knowledge of the scaling relations, and well-measured cluster masses for large and systematically constructed cluster samples are the most important prerequisites. XMM-Newton, with its high sensitivity and the possibility of spatially resolved spectroscopy, provides the best means to approach this fundamental task. An inspection of the observational data on galaxy clusters in the XMM-Newton archive shows that it is impossible to construct a representative, statistically unbiased X-ray luminosity-selected sample, optimized for the XMM field-of-view, from the existing observations. Therefore we have successfully requested observing time for a comprehensive survey of X-ray structure of a representative cluster sample involving 33 galaxy clusters (where 3 data sets have been retrieved from the XMM-Newton archive).
A systematic study of clusters is absolutely necessary. There is for example a clear difference in the properties of clusters selected for their regularity, and those selected from flux or luminosity criteria, which include a wide range of morphologies. The scaling relations of X-ray luminosity and mass that apply to regular or compact cooling core clusters are expected to be different from those of dynamically less evolved clusters. This has been demonstrated for the X-ray luminosity -mass/temperature relation, showing that high central surface brightness objects, or objects described as classical cooling flows, have a significantly higher normalization than other clusters (O'Hara et al. 2006 , Chen et al. 2006 .
Thus, relations obtained for symmetric, apparently relaxed clusters will not be applicable to general cluster surveys. Therefore our primary goal is the calibration of the scaling relations for a statistical sample of clusters, selected by X-ray luminosity alone (the criterion most commonly used in cosmological applications of clusters). We also hope to establish the present data as a benchmark sample for studies in other wavelengths. In this context, contrary to most previous studies where researchers would choose the most regular clusters for an intercomparison, we want to provide a special incentive to also observe and reconstruct the more complex, apparently unrelaxed objects with different techniques of structure and mass measurements.
Therefore, some of the major goals of this project are to better characterize and understand (i) the relations of observables such as X-ray luminosity, temperature, and characteristic radius with cluster mass, (ii) the source of the scatter in these relations, (iii) the dynamical states of the clusters via inspection of temperature, entropy and pressure maps as well as by the comparison of X-ray and optical spectroscopic observations (guided by simulations), (iv) the statistics of cluster mergers and the frequency of cluster cooling cores as a function of cluster mass; both cosmologically very important diagnostics (e.g. Schuecker et al. 2001b ), (v) entropy profiles of the clusters as probes of the thermal and star formation history in the clusters, (vi) metal abundances in clusters as a function of various observational parameters, and (vii) the variation of the cluster mass and mass-tolight ratio profiles.
We have also started a series of projects for observations of these clusters at other wavelengths, such as multicolour- Fig. 1 . X-ray luminosity-redshift distribution of the REFLEX sample (small dots: entire REFLEX sample including clusters with less than 30 cts and N H > 6 × 10 20 cm −2 ), and the representative subsample (encircled dots) selected from the regions marked by colored boxes. The solid line indicates the survey flux limit. The dashed lines show the distances at which r 500 is 7, 9, 10, and 12 arcmin (from right to left), for given X-ray luminosity, respectively. photometry with the wide-field imaging camera, WFI, at the 2.2m MPG/ESO telescope, spectroscopic observations at Magellan, Sunyaev-Zeldovich observations with APEX, radio observations with GMRT (Giant Metrewave Radio Telescope), and high resolution X-ray observations with Chandra. A series of structure studies of these clusters is close to publication: analysis of the X-ray surface brightness and gas density distribution (Croston et al., for the novel analysis method see Croston et al. 2006) , two-dimensional projected density, temperature, pseudopressure and pseudo-entropy maps (Finoguenov et al., similar to the analysis in Finoguenov et al. 2005 Finoguenov et al. , 2006 , substructure analysis by a center shift method (Temple et al.) , comparison of cluster structure of these observations with simulated clusters by means of a power ratio method (Böhringer et al.) , and one study on the cluster temperature profiles, showing a high degree of universality of these profiles (outside the central regions) has been published (Pratt et al. 2007) .
There is other work in progress to obtain similar information on representative cluster samples at other epochs, with which the present work will be combined in the future. An almost complete set of observations with XMM-Newton and Chandra has been performed on the brightest 63 galaxy clusters in the sky away from galactic plane, the HIFLUGCS sample , providing an account at even lower redshifts (although with a somewhat less ideal field-of-view criterion). The data reduction of this sample is in progress (Hudsen et al., and Reiprich et al., 2006) . The REFLEX-DXL sample (Zhang et al. 2006 ) is a representative sample of the most X-ray luminous clusters in the redshift interval z = 0.27 to 0.31. After the launch of our project another XMM-Newton large programme was granted for the systematic study of cluster structure at intermediate redshifts of z ∼ 0.3 − 0.6 (P.I. M. Arnaud). For even larger redshifts a systematic study of the RDCS clusters from Rosati et al. (1998 Rosati et al. ( , 2002 , e.g. Ettori et al. 2004 ) and of the 160 deg 2 of Vikhlinin et al. (1998) is ongoing (e.g. Kotov & Vikhlinin 2006) .Together these studies shall provide a comprehensive view of the evolution of the cluster structure, and the corresponding scaling relations.
The derivation of the results presented in this paper is based on the "concordance cosmological model" with values of the normalized densities of Ω m = 0.3, Ω Λ = 0.7 and a Hubble constant of H 0 = h 70 70 km s −1 Mpc −1 , if not explicitly stated otherwise.
Sample construction

Primary considerations
For the construction of an unbiased, X-ray selected cluster sample we use as a parent sample the REFLEX survey catalogue, which is presently the largest, well controlled cluster catalogue (Böhringer et al. 2004 ). The quality of the sample has been demonstrated by showing that it can provide reliable measures of the large-scale structure without distorting artifacts (Collins et al. 2000 , Schuecker et al. 2001a , Kerscher et al. 2003 , yielding cosmological parameters in good agreement within the measurement uncertainties with the 3year WMAP results (Schuecker et al. 2003a , b, Stanek et al. 2006 , Spergel et al. 2006 ; note that this good agreement with the new WMAP data is also true for other cluster studies e.g. Voevodkin & Vikhlinin 2004 , Henry 2004 . Moreover, the study of the galaxy cluster number density and the measured large-scale clustering provide consistent cosmological results.
REFLEX, based on the ROSAT All-Sky Survey (Trümper 1993) , is a highly complete (> 90%) flux limited (F X [0.1 − 2.4keV] ≥ 3 · 10 −12 erg s −1 cm −2 ) cluster sample, covering 4.24 ster in the southern extragalactic sky (δ ≤ 2.5 deg, |b II | ≥ 20 deg, with regions covered by the Magellanic clouds excluded - Böhringer et al. 2001) . The variation of the sky coverage as a function of flux is small and is well documented in the REFLEX catalogue paper (Böhringer et al. 2004 ). There is a residual risk that a substantial part of the X-ray emission detected for these clusters comes from AGN in the cluster or in the background. We have estimated, however, that the fraction of clusters with severe contamination by AGN emission is smaller than 9%.
The basic criteria for the selection of the present subsample are the following:
• We restrict the redshifts to z ≤ 0.2 to obtain a census of the local Universe.
• The basic selection criterion is X-ray luminosity, with no preference for any particular morphological type. Thus the sample should be representative of any local, high quality, unbiased X-ray survey, a survey of the type applicable to cosmological model testing.
• To best assess the scaling relations, the selection has been designed to provide a close to homogenous coverage of the X-ray luminosity range. The chosen luminosity regime, L X = 0.407 − 20 × 10 44 h −2 50 erg s −1 in the 0.1-2.4 keV rest frame band 1 , provides clusters with estimated temperatures above 2 keV. Thus the spectrum of selected objects covers the range from poor systems to the most massive clusters. Lower temperature systems, groups of galaxies, are excluded because their study requires a larger observational effort than the handful of additional data points that can be afforded here.
• We aim for a good global characterization of the clusters, and thus wish to detect cluster emission out to the fiducial radius r 500 , the radius inside which the mean cluster mass density is 500 times the critical density of the Universe. This has been shown by simulations to provide one of the best measures of the size of the virialized dark matter system (Evrard et al. 1996) .
• The distances of the objects are selected to optimally use the field-of-view, angular resolution, and photon collection power of the XMM-Newton observatory. For the data reduction we use the region of the target fields outside about 10 -11 arcmin to assess the X-ray background of the observation. This is to enable a comparison of the properties of the target background and the background field to correct for background variations.
• We use well defined selection criteria such that the space density of the sample and any subset of it is well defined by the selection function.
These selection requirements cannot be met by a simple fluxlimit cut. In particular, to meet the condition of a nearly homogeneous luminosity coverage, we decided to draw the sample from the luminosity-redshift distribution in 8 luminosity bins containing a similar number of clusters. The FoV criterion then calls for a staircase like distribution of these bins in the L X -redshift diagram shown in Fig. 1 (Each bin is almost volume limited with small corrections explained at the end of Section 2.2). To obtain sufficient statistics, the minimum number of clusters in such a sample is of the order of 30. The affordable amount of XMMNewton observing time for deep enough studies of a cluster does not allow for a much larger number of targets. Therefore we decided to plan for the selection of four clusters per luminosity bin.
Sample construction method
We start the selection by choosing 9 luminosity bins of nearly equal logarithmic width, as defined in Table 1 and Fig. 1 , with the calculation of the redshift for which the most luminous cluster in the bin has an apparent radius r 500 in the sky of 9 arcmin. This radius is calculated by means of the X-ray luminositytemperature relation taken from Ikebe et al. (2002) 2 :
L X 10 44 erg s −1 = 0.02
We do not apply a redshift evolution correction here, since the HIFLUGCS sample studied by Ikebe et al. (2002) has a very similar redshift distribution as a function of luminosity to the present sample, and is therefore directly applicable. With the estimated temperature, r 500 can then be derived by means of the temperature -radius relation from Arnaud et al. (2005) :
with E(z) = h(z)/h 0 . The second-lowest dashed line in Fig.  1 corresponds to the relation of X-ray luminosity and redshift for which r 500 appears as 9 arcmin. Then we select the bins as follows:
-(1) The upper left corner of bins 5, 6 and 7 are defined by the 9 arcmin radius line, effectively fixing the lower redshift boundary. We collect the 4 clusters we wish to have in the 2 All formulae are given for a concordance cosmology model as specified in section 1, where h 100 = H 0 /100 km s
bin by increasing the redshift. The outer redshift boundary of the bin is defined by the midpoint between the last cluster in the sample and the first cluster outside. -(2) For practical reasons we have not strictly applied this rule to all bins. Using this criterion, luminosity bins 2, 3 and 4 extend very close to the nominal flux limit (the solid curve in Fig. 1 ). For these bins we decided to start filling the bins from the high redshift side, touching the flux limit with the lower right corner of the bin, and filling the bin by collecting clusters at lower redshifts. The inner boundary of the redshift bin is defined by the midpoint in redshift between the last cluster in the bin and the first cluster at lower redshift outside. -(3) The lowest luminosity objects (bin 1) have a lower surface brightness, and we do not expect very much emission at large radii. To better use the field-of-view of XMM-Newton, and to increase the flux from these clusters, we moved this lowest luminosity bin to the limit where the most luminous cluster would have an apparent r 500 of 12 arcmin. -(4) For the most luminous clusters (bins 8 and 9), which are very rare, we increased the search volume at low redshift by allowing the most luminous cluster to have an r 500 of 10 arcmin. We also relax the interstellar column density constraints and allow values of N H larger than 6 × 10 20 cm −2 . -(5) In bin 9, we find only one cluster in the region between an r 500 of 10 arcmin and a redshift of 0.2. This cluster is A1689, which has already been observed with XMMNewton and the data are available in the archive. The outer redshift boundary of this bin is again determined by the midpoint to the next object at higher redshift.
The original sample was constructed from a preliminary REFLEX catalogue. Between the first complete catalogue construction and the final revision and subsequent publication of the catalogue in Böhringer et al. (2004) , a series of new galaxy redshifts became available in the literature, publicly available data bases, and through our own observations. This led to improved cluster redshifts. Since the redshift boundaries of our relatively small cluster sample are very tight, there was an unavoidable scatter of objects across the boundaries. We checked the typical changes in the redshifts of the REFLEX sample that cause the scattering of the clusters in redshift space, and found that about 10 -15% of the clusters experienced shifts of 400 -2000 km s −1 , resulting in the above described effect.
This has led us to reconstruct the selection scheme by applying the same criteria such that the originally-selected clusters are still contained in the survey volume. The mid point rule for the outer or inner redshift boundary gives us the flexibility to reconstruct using the new redshifts. The price paid is that a small number of new clusters appear in the bins, which then have to be corrected for in the selection function. With this revision we also changed the luminosity values from a critical density universe to a concordance cosmological system (Ω m = 0.3, Ω Λ = 0.7, and h 70 = 1), which results in the inclusion of two additional clusters inside the bins. The advantage of this reconstruction is that the new survey selection function is fully compatible and reproducible with the published REFLEX data set. Fig. 1 provides an account for the complete selection scheme. The resultant redshift boundaries are listed in Table 1 . The total number of clusters ending up in the bins is given in column 7 of this Table, and the extra clusters are explicitly listed in Table 4 .
Two further selection criteria are important: (i) to avoid importing galaxy clusters with lower quality detection parameters (flux error, extent parameter, etc.) we have only included galaxy clusters which contained more than 30 detected counts in the Table 1 . The luminosity-redshift bins used for the selection of the sample (for The first 6 columns have the same meaning as those in Table 2 , where the luminosity bins are now given for a critical density Universe with a Hubble constant of h 100 = 0.5. z excl give the redshift intervals of the regions to be excluded due to unobserved clusters scattered into the bins. * ) gives the total redshift interval of the bins for a Universe with critical density.
ROSAT All-Sky Survey. The same cut was made in the construction of the X-ray luminosity function in Böhringer et al. (2002) . In addition, (ii) to obtain good X-ray spectra with a wide spectral coverage, we only selected clusters in sky areas where the hydrogen column density, N H , measured at 21 cm (Dickey & Lockman 1990) , is smaller than 6 × 10 20 cm −2 . This criterion was not applied to the most luminous clusters in bin number 8, since there are only few such objects. In addition the spectra of these clusters have high expected X-ray temperatures, and will be less influenced by the hydrogen column density than those with lower temperatures.
To determine the selection volume associated with each cluster we apply the following steps. To take into account of the N H selection, we have inspected the fraction of the sky region in the REFLEX area with N H ≥ 6 × 10 20 cm −2 . This fraction is slightly dependent on the flux limit of the sky region, such that less sensitive regions have on average higher column densities. The fraction of sky area above our N H -cut is about 22 − 23% over more than 90% of the sky. Only in a smaller less sensitive area is it slightly larger. Thus we correct the sky coverage by a factor of 0.775 for all bins except for bin 8 and 9, as shown in column 9 of Table 1 .
The other condition, that we should have a detection of at least 30 photons, further reduces the sky coverage, since in only 78% of the REFLEX Survey area is the nominal flux limit reached for the detection of 30 photons (as explained in detail in the REFLEX sample construction paper, Böhringer et al. 2001 ). This effect is especially important for those bins which are close to the nominal flux limit. Therefore we have to determine the mean "volume coverage" of each bin as a function of the luminosity and redshift range within the bin.
3 This average volume coverage per bin is different for each bin and the correction fac-tors are given in Table 1 . Both corrections are small but significant, so that it is important to include them. The empirical nature of these corrections will introduce only minor second order uncertainties, which are definitely only of the order of one percent.
The final step is the normalization of the selection function. Most bins contain only the four clusters we initially selected. In this case we determine the cluster density for this luminosity bin by the inverse volume, multiplied by four (no multiplication in the case of bin 9). In bins 3, 4, and 7, where we find new, unobserved clusters in the reconstructed sample due to redshift scattering, we normalize by the total number of clusters in the bin.
The information provided for the selection function makes it possible to determine the distribution function of any property of the clusters in the sample. The estimated density of clusters for a given luminosity interval is the inverse of the selection volume multiplied by the number of clusters found in the luminosity bin. This calculation can also be restricted to a specific type of cluster. In this case for the density calculation the inverse volume is simply multiplied by the number of clusters of this type in the luminosity bin. We will demonstrate how this is done for the luminosity function as an example in section 7. For further work with the REXCESS sample, the construction of the temperature function, the mass function, but also more peculiar functions like the cool core gas mass function, this procedure will be important. This range of applications is precisely the strength of the XMM-Newton Legacy Program. The dataset provides, for the first time, a representative X-ray cluster sample, observed deep enough to provide a wealth of parameters on cluster structure (allowing for a complete cluster coverage by the XMM-Newton field-of-view), and at the same time large enough to allow the construction of meaningful statistics.
Alternative experimental sample selection
The proper statistical modeling of such a survey selection function is only to first order approximation a trivial task. In the presence of substantial measurement errors, or correlation uncertainties for a cluster property distribution function other than the luminosity function, scattering effects have to be accounted for. These effects correspond to the so-called Malmquist bias in flux limited samples. In the present case these effects are more complicated, and are best treated by Monte Carlo simulations. For a proper accounting one may not only consider the boundary migration effects, but also the boundary selection itself, since e.g. the midpoint rule selection depends on the statistics of the cluster distribution in luminosity and redshift space. This should also be included in the Monte Carlo simulations.
Details of such an analysis will be considered in a future paper concerning the temperature or mass function construction. Here we adopt a didactical point of view, and attempt to illustrate the variance in the results due to the statistics of the boundary selection criterion, with an alternative selection scheme for the same clusters.
To illustrate the robustness of the approach in the presence of sample variance effects in the sample selection, we adopt for test purposes a different variant of the above selection scheme. We cut the bins in redshift space around the observed clusters, now using the midpoint rule on both sides of the bin. The resulting alternative bin boundaries are listed in Table 2 (this Table also gives the luminosity values for the originally-chosen luminosity less than 100%. The fractional sky coverage averaged over all L x , z grid points of the bin yields the mean "volume coverage". bins, defined for H 0 = 50 km s −1 Mpc −1 and a critical density universe). Note that now bins 8 and 9 begin at redshift z = 0, since there are no lower redshift clusters with such a high X-ray luminosity in REFLEX.
For the extra, unobserved clusters in the bins, we again apply again the midpoint rule to exclude the regions containing the unobserved clusters. The cut-out zones in redshift space for this recipe are given in Table 2 . The cluster densities obtained with this second method are also given in Table 1 . We discuss the effect of the two different ways of defining the sample selection function in Section 7, where we use these data to construct the luminosity function for this sample.
The sample
In total 34 galaxy clusters were selected from the REFLEX catalogue for this study, as listed in Table 3 . One of the selected objects, RXJ1350.7-3343, was found to have a purely point source X-ray emission from an AGN in the XMM-Newton images. In the RASS its X-ray emission was found to be significantly extended (visual inspection confirmed by the KS test). The origin of this extent is unclear, but could possibly be due to some attitude error in the data set that comes from different orbits. Such errors, if they occur at all in the RASS, must be very rare, since most of the known point like sources as stars and AGN do not feature such an extent. Therefore this object was removed from our sample and we have not included it in the above selection function construction. It is however listed in Table 3 . Table 3 gives information on the X-ray properties of the 33 clusters and the AGN X-ray source as determined from the ROSAT All-Sky Survey data. The columns of the table provide the following information: (1) the REFLEX name, (2) name given by Abell (1958) and Abell, Corwin & Olowin (1989) , (3) and (4) the right ascension and declination for the epoch J2000 in hours (degrees), minutes, and seconds, (5) the redshift, (6) the number of cluster galaxies from which the redshift has been determined, (7) and (8) the measured, unabsorbed X-ray flux, F x , in units of 10 −12 erg s −1 cm −2 for the 0.1 -2.4 keV energy band and the fractional error in percent 4 , (9) the X-ray luminosity in units of 10 44 erg s −1 in the rest frame 0.1 to 2.4 keV band (uncorrected for missing flux), (10) the aperture radius in arcmin within which the X-ray count rate and flux were determined (the radius where the plateau value is reached in the cumulative count rate growth curve analysis), (11) the 0.1 -2.4 keV luminosity corrected for the estimated flux lost outside the measurement aperture (by extrapolating to a radius of 12 core radii by means of a β-model with β = 2/3, see Böhringer et al. 2004 for more details), (12) the interstellar HI column density in units of 10 20 cm −2 from Dickey & Lockman (1990) , and (13) the luminosity bin number to which the cluster belongs.
To provide a complete documentation, we also list in Table  4 those clusters which were scattered into the sample bins in luminosity-redshift space due to the reconstruction of our sample. They are not observed in this project but are statistically accounted for. This table is similar in structure to Table 3 and the parameter description is the same.
Three of the clusters had previous XMM-Newton observations in the archive. For A1689 (RXCJ1311.4-0120) and the A901/A902 cluster complex (RXCJ0956.4-1004), the exposure times were sufficient or longer than required for this study, and we thus could make use of the archive data. A3888 had only a Table 4 . The additional clusters contained in the redshift-luminosity bins, which are not part of the observed cluster sample with more than 30 detected X-ray counts in the RASS and N H ≤ 6 × 10 20 cm −2 . name alt.name RA (2000) Dec (2000) z N gal . very short exposure in the archive. Thus we complemented this observation by additional exposure time to bring the data to the same depth as for the other clusters. In our AO3 proposal we successfully requested the observation of 32 targets. Since about 37% of the observations suffered from severe contamination by solar flares for a substantial part of the observing time, we requested the reobservation of 3 clusters in AO4 and 9 further clusters in AO5. In this paper all the AO4 results are included. At the time of writing a large part, but not all, of the AO5 observations were completed and their data analysis is ongoing. Table 5 provides an overview on the observation parameters and the data quality. In addition to the observation numbers, dates and nominal observation times, we give the mean LIVETIMES of the detectors chips. We only list the values for pn and MOS1, since the equivalent data for MOS2 are always very similar to those of MOS1. In the final columns we list the exposure times left for scientific analysis after a cleaning of the data for soft proton flares. The cleaning done here, which is used to obtain a first overview on the data quality and to produce the image results shown below, is similar to that used in Pratt et al. (2007) , where the data screening is optimized for the spectroscopic analysis. For a more detailed description of the screening we refer to that paper. In brief, we conduct a first data cleaning by means of a 3σ clipping above the "quiet level" in the hard band light curves (12 -14 keV for pn and 10 -12 keV for MOS) in 100 s intervals, where the quiet level is characterized by a Gaussian distribution of the count rate at low count rate levels. In some cases where the observation is so disturbed that the Gaussian distribution is not easily established, we have used standard cut values, as noted in Table 5 . The second screening is performed in a wider band (0.5 -10 keV) in 10 s intervals. Most of the periods with high background are removed in the first cleaning step. The second stage mostly affects the flanks of the flares, and occasionally a flare which is very soft. Typically about 5 -10% of the remaining data in flare-affected observations are removed in the second step. The cut values listed in Table 5 refer to the second wide band cleaning, and are given in units of counts in the total detector in 10 s intervals. We also remark on the effectiveness of this particular cleaning process for flagging data sets that are good, that have been cleaned by setting the cuts manually to a standard value, data which have an enhanced residual background, and data where one of the detectors is left with essentially no data. Fig. 2 to 10 show images of the clusters in the 0.5 -2 keV band, an energy range which has an optimal signal-to-noise. The images are grouped by in bins of increasing luminosity. The images are produced from the cleaned event files, normalized by the exposure maps which include the vignetting correction, gaps and bad pixel information. The images of all detectors are combined with the pixel count rates of the two MOS detectors scaled to the pn sensitivity for a typical cluster spectrum. The combination is performed for the exposure maps and for the images separately, such that almost all gaps and bad pixel holes are filled by the information from at least one detector. The images are then smoothed by a Gaussian filter with a σ-width of 4 arcsec (which is slightly less than the instrument PSF).
X-ray images of the sample clusters
The colour scale of the images is scaled with a factor of L
0.22
X , for the following reason. In the simple self similar picture of clusters (see e.g. Kaiser 1986 ) we expect the central intracluster plasma density to be roughly constant (ignoring the known deviations due to secular entropy modifications), and also the gas density profile as a function of the scaled radius, r/r 500 should be roughly the same (e.g. Arnaud et al. 2002) . Since the surface brightness is proportional to the plasma density squared integrated along the line of sight through the cluster, the surface brightness then scales only with the line-of-sight extent of the cluster, that is with r 500 . Taking r 500 ∝ M 1/3 and L X ∝ M 1.5 we obtain the above relation between X-ray luminosity and surface brightness. The scaling does not take into account the surface brightness dimming with redshift, however, although the red- shift interval covered by these clusters is relatively small. The surface brightness contours used in the figures were not scaled but start at a fixed ratio to the typical background and increase in logarithmic steps (by a factor of √ 2). With this scaling we readily recognize clusters with very dense cores (cooling cores) as those with very bright centres. Clusters which barely reach green colours (displayed in the electronic version of the paper) feature a very low surface brightness, indicating that these clusters are most probably dynamically young.
Remarks on some clusters
There will be at least one dedicated publication addressing in detail the morphology of the clusters in this sample. Here we briefly comment on some of the peculiar clusters. There are 2 clusters with multiple components, 3 clusters with a complex, diffuse, low surface brightness appearance, and one cluster where the data are still sparse. (Fig. 4) was selected as the fainter southern component of this bimodal cluster. In the ROSAT All-Sky Survey the two emission regions appear almost distinct and the system was therefore split into two clusters (two separate dark matter halos) in the REFLEX catalogue. In the survey selection only the southern component should be counted. The deeper XMM-Newton exposure now reveals that the two systems are interacting. The total system is catalogued in the optical as A2384 by Abell (1958) .
RXCJ2152.2-1942
RXCJ0956.4-1004 (Fig. 9) , also known as A901a, A901b, and A902, is a system of several diffuse and point-like X-ray sources. In the ROSAT All-Sky Survey we observed a complex emission region that was catalogued as one object. For our anal- (A3814, lower right) .The image of RXCJ0145.0-5300 was produced from AO5 data, since none of the previous observations were clean enough to produce a decent image. Table 5 . Overview of the XMM-Newton observation parameters of the cluster sample, up to and including AO4. ysis we have used the archival XMM-Newton observation. The nominal observing time of this observation was very long, ∼ 94 ksec, but only half of the MOS observing time is useful due to a series of strong flares, and the pn detector was closed during the observation. Gray et al. (2002) find three major mass concentrations, A901a, A901b, and A902, in their lensing analysis, and call the structure a supercluster at redshift z = 0.16. Only A901b shows the extended, but compact, X-ray emission expected from a well evolved rich X-ray luminous cluster, as noted previously from the ROSAT HRI observation by Schindler (2000) . The Xray emission from A901a is dominated by a very strong point source, associated with a faint galaxy. There is definitely also extended emission associated with this mass component. The extended X-ray emission is centered on the central dominant elliptical of A901a in the west of the X-ray point source and very diffuse low surface brightness emission is observed on larger scale. The third mass component A902 is also associated with very diffuse low surface brightness emission, which indicates a dynamically very young galaxy cluster structure. The extended X-ray emission around A901a and A902 was not noted in the ROSAT HRI study by Schindler (2000) , which involved much fewer photons. More details on the morphology of this cluster will be described in a forthcoming paper from our collaboration.
RXCJ2157.4-0747 (Fig. 2) , A2399, is a bimodal system with very diffuse, low surface brightness X-ray emission. Like the following two clusters, this is most probably a dynamically young object in formation without a significant preexisting cluster core.
RXCJ 2129.8-5048 (Fig. 3) , A3771, is another low surface brightness cluster, which is dynamically young, but does not feature a multi-component configuration.
RXCJ2048.1-1750 (Fig. 7) , A2328, is similar in its morphology to the previous cluster, but is more luminous and thus massive. In addition it features two smaller possibly infalling systems at its outskirts.
RXCJ0145.0-5300 (Fig. 6) , A2941, has insufficient data even for the production of a decent X-ray image. After flare cleaning there is no useful pn time and only a few hundred seconds of MOS exposure are left, from which the image has been made. The observation of this cluster is rescheduled in AO5.
Comparison between ROSAT All-Sky Survey and XMM-Newton fluxes
Using the present XMM-Newton observations we measured the fluxes from the galaxy clusters in the 0.5 -2 keV band, and compared the results to the previous ROSAT All-Sky Survey (RASS) observations. In the RASS the count rates from which the fluxes are derived were determined by the growth curve analysis tech- 2 pixel s −1 (upper curves), plotted with the scaled, modelled background surface brightness (lower curves). The MOS2 surface brightness profile has been multiplied by a factor of 0.7 for better visibility. The background surface brightness is increasing with radius because the background is vignetting corrected, which overweights the particle background in the outer regions. No significant cluster emission is seen for this target at radii outside about 9 arcmin. nique described in Böhringer et al. (2000) . Here we use a similar approach.
We first construct cluster images for each detector. We then integrate the counts in concentric rings, weighting each image pixel by the vignetting corrected exposure maps. We excise all bad pixels and pixels which fall into gaps or low exposure re- gions near gaps, and correct for the area lost in the ring. To estimate the background contribution we use the background data provided by Read and Ponman (Read & Ponman 2003) with the same cleaning as applied by Pratt et al. (2007) , recast onto the same sky position and orientation as the target fields. In these data sets X-ray sources have been removed and the images produced from the data sets feature depressions in these removal zones. We therefore apply a model fit to the background by means of the SAS task esplinemap with the parameter fitmethod = model. We compare the model background surface brightness distribution to the target data in the same outer region (where we have insignificant cluster contribution to the X-ray image) and scale the background to the image surface brightness in this region where the profiles have the same shape. This scaled background is then subtracted from the cluster profile. An example of a cluster profile and the scaled background is shown in Fig.  11 . We have tested the validity of this procedure by checking the change of the results as a function of the radius limit outside which the data are used for the renormalization and find very little change (≤ 1%) for limiting radii ≥ 9 or 10 arcmin, depending on the shape of the cluster.
To account for the point source contribution to a cluster's X-ray emission we have also produced "cleaned" images in the following way. We have run the SAS source detection procedure ewavelet to localize point sources. Since also the cluster centers and substructure are usually recognized as X-ray sources by ewavelet we have removed the detected sources through visual inspection, retaining all diffuse cluster emission including substructure and central cusps. We used the radii of the ewavelet algorithm in SAS as excision radii, in a first attempt to exclude the point sources. This radius is increased after visual inspection for the brighter sources which are not completely removed. The same regions are excised in the exposure maps. We use these and the uncleaned images to measure the cluster and the total flux in the cluster region, respectively.
An integration of the surface brightness profiles times the area of the rings gives the count rate growth curves as shown in Fig. 12 . These level off at large radii. Fluxes are derived from these count rates by means of count rate to flux conversion factors determined using XSPEC software 5 . To determine these conversion factors a spectral model has to be defined in XSPEC. For 15 of the clusters, we use an absorbed MEKAL model 6 with a temperature as measured by a single temperature fit to the data in the radial region 0.1 to 0.4 r 200 according to the analysis performed by Pratt et al. (2007) . Accurate temperature measurements of this kind are not yet available for some clusters. For these remaining clusters we use a temperature estimate from the L X -temperature relation defined by Eq. 1, with the interstellar column densities listed in Table 3 and metallicities of 0.3 solar. The uncertainty in the flux conversion factor, even in the case of a factor 2 difference in the temperature estimate, is never larger than 3%, and in most cases is much less. The error in the measured flux accounts for the Poisson error of the source counts as well as the photon statistical error in the background subtraction. More precise values for the fluxes and luminosities will be reported in a later paper when all the data are at hand and have been reduced. For these final results we will also consider the additional correction for the temperature variation with radius.
Here we are primarily interested in assessing the reliability with which the cluster fluxes have been determined in the RASS data. Therefore we take the fluxes determined by Böhringer et al. (2004) , which were obtained with the growth curve analysis method for a certain aperture radius (before the correction to total fluxes). We apply the growth curve technique to the XMM-Newton data out to the same aperture radius, separately for the three detectors (since we have sufficiently good statistics), and compare all four results in Figs. 13 and 14. For the XMM-Newton data we can reliably determine the growth curve flux only to a maximum radius of 12 arcmin because of the XMM-Newton field-of-view, while for 7 clusters in the sample the RASS measurement aperture is larger than this (see Tab. 3). Therefore we have estimated an upper limit on the extra flux that might be seen in the RASS at the larger radii. It is smaller than 2% for three of the clusters (RXCJ0605-3518, RXCJ0645-5413, RXCJ0956-1004), smaller than 6% for three further clusters (RXCJ0457-3152, RXCJ1516-0056, RXCJ2157-0747) and larger by ≤ 12% for RXCJ0616-4748. This is, apart from the last case, smaller than the quoted 1σ uncertainty. Note also that the angular resolution of the RASS is much worse (more than one arcmin) than that of the XMM-Newton observations and therefore the unsharp apertures are not exactly the same.
There is a good agreement within the uncertainties of the RASS flux determination. In Fig. 13 we compare both the XMM-Newton fluxes and the point source subtracted XMMNewton fluxes, with the RASS data, for the same detection aperture. While the unsubtracted XMM-Newton fluxes are on average about 10 % higher than the RASS fluxes (the intercalibration of the two instruments is not known to much better than about 5%), the point source corrected fluxes are in the average only about 2% different. Fig. 14 shows that the deviations in the RASS fluxes decreases with the flux level as would be expected. Thus we conclude that the REFLEX catalogue contains very reliable flux estimates in spite of the very low number of photons available. These good results are made possible by the very low X-ray background of the RASS. This is also reflected by the fact that with the present XMM-Newton data, even with the su- perb photon statistics, we cannot extend the flux measurement to much larger aperture radii than was done with the RASS data.
Almost as important as a good flux measurement for the REFLEX catalogue are good estimates for the flux uncertainties. The latter parameter is also an important input into the construction of a precise cosmological model test (e.g. in analogy to Stanek et al. 2006) . If Fig. 15 we test the reliability of this parameter, where we compare the flux uncertainty estimates for the RASS results with the deviations between RASS and XMMNewton fluxes (assuming, to first order, that the uncertainties in the XMM-Newton fluxes are insignificant). Again we find excellent agreement.
Finally, Fig. 16 provides the statistics of the point source contribution to the total cluster flux in the REXCESS sample. We have no clusters where a point source is dominant. Excluding the complex supercluster A901/902, the unsufficient data set of RXCJ0145.0-5300, and the AGN RXJ1350.7-3343 from the analysis, we find a mean flux contamination of only ∼ 11%, and none of the clusters has a larger contamination than 26% by point 15 . Ratio of the measured flux difference between XMMNewton (average of all three detectors) and RASS to the estimated error of the RASS. Also shown is a Gaussian distribution with σ = 1, normalized to the total number of clusters. The good agreement of the two curves (except for the three outliers at low XMM-Newton flux) show that the estimated flux errors of the REFLEX sample are precise and reliable. The symbols have the same meaning as in Fig. 13 . sources, as already expected from general tests on the REFLEX data.
Construction of distribution functions
As the survey volume of the cluster sample is well defined, we can construct absolute distribution functions for properties of these galaxy clusters. As an example we reconstruct the X-ray luminosity function of this sample by means of the cluster densities derived in Section 2. Fig. 17 shows the results for the luminosity function using both selection schemes outlined in Section 2. The results are compared to the REFLEX X-ray luminosity function derived in Böhringer et al. (2002) , which provides the luminosity function for the REFLEX sample as observed without an evolution correction. There is a good agreement between Fig. 16 . Statistics of the point source contribution to the cluster fluxes for the sample (excluding 1 complex supercluster, one insufficient data set, and the AGN, RXJ1350.7-3343). The fraction is calculated by dividing the point source contribution by the point source subtracted cluster flux. The flux contamination is in all cases smaller than 26% and is on average about 11%.
the results of the subsample and the total survey sample, with the largest deviation in the two highest luminosity bins (although these deviations are within the errors). This effect is due to the deficiency in the Southern sky of luminous X-ray clusters in the nearby Universe. The effect is illustrated by the difference of the two selection recipe methods: if we use the nearest neighbour boundaries, the last two bins extend to z = 0, resulting in a smaller cluster density in better agreement with the overall REFLEX result. This shows that the difference of the density of the most massive clusters in REFLEX and in the subsample is due to a real density variation in the Universe. The most massive clusters are highly biased and unevenly distributed in the REFLEX volume. The general good agreement of the two methods of the selection function construction shows that our approach is robust.
In this analysis we have assumed that the uncertainty in the luminosity measurement in the REXCESS sample is negligible. This uncertainty was taken into account in the analysis of the RASS data, where the uncertainties are larger .
Summary and Conclusions
We have described a sample of 33 galaxy clusters which are selected purely on the basis of their X-ray luminosity in nearby redshift shells. The sample is therefore representative of an unbiased, X-ray luminosity or flux selected subset of the galaxy cluster population. 7 The study is designed to make the best use of the XMM-Newton observatory to provide comprehensive galaxy cluster structure statistics, and representative scaling relations.
The results show that the observational results from the REFLEX Cluster Survey in the RASS are recovered with excellent agreement, except for one REFLEX cluster candidate which was found here to be an X-ray AGN. The redetermined X-ray fluxes agree within a few percent and the flux errors are also in good agreement. Fig. 17 . X-ray luminosity function for the REFLEX sample and for the REXCESS subsample; the latter has been constructed by the two different methods explained in the text. Solid dots with error bars refer to the REFLEX function, black crosses mark the function constructed with the original selection function, and grey crosses the function obtained with the alternative method (Section 2). The lower panel shows the same data divided by the Schechter function fit to the REFLEX X-ray luminosity function derived in Böhringer et al. (2002) .
A detailed description of the cluster sample selection function allows us to determine the space density of any subsample with certain properties. We demonstrated how the selection function can be applied for the evaluation of the distribution function of cluster properties for the case of the X-ray luminosity function. The majority of the clusters show a roughly regular appearance, very often with elongations. Only a few clusters feature several components or peaks in the X-ray surface brightness distribution. Some clusters have a somewhat diffuse, low surface brightness structure. There is no dramatic merging cluster among the objects in the sample, indicating that these systems are probably rare in the general cluster population at z ≤ 0.2. This paper introduces the survey project, for which a series of papers covering extensive cluster structure analyses is in progress.
